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Breakwaters are at the same time protective and menacing. 
These works create disruptions to the natural balance of 
transport of sediment not only locally but also to the 
surrounding beaches that will evolve in order to recover a 
new state of equilibrium.  
The implementation of breakwaters result in the creation of 
tombolos in the zones relatively quiet and sheltered and in 
an erosion of the coastline on either sides. In this paper, a 
« parabolic » empirical model is applied to the small bay of 
Tunis (from Rades to Sliman) in order to predict the  
changing coastline position behind the implemented 
breakwaters or even their impact on the coast so much 
regressive that progressive.  
The applied model could predict the new state of 
equilibrium of the coastline behind the implemented 
breakwaters, reasonably well compared to the natural 
curvature of the coastline behind the erosion control 
structures. 
I. INTRODUCTION 
Coastal zones are always under the threat of intensive 
and worrying activities of various economic and social 
entities. 
The southern beaches of Tunis from the suburb of 
Rades to the village of Sliman (Fig. 1) account among the 
coastal zones which were seriously affected by marine 
erosion and by the degradation of its marine ecosystem 
due mainly to the anthropic pressure [1]. Beside swell and 
currents, the human actions which caused this regression 
of the shoreline were: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
o the reduction of the river contributions estimated 
to 2,34 Million ton per annum after the 
construction of a number of dams on the main 
rivers, Médjerda and Méliane, wich used to be 
the two large providers of the coast in sediments 
[2]. 
o increasing urbanization near the coastline. 
o the stop of the North-South sediments transit, 
coming from the North beaches of Tunis, 
because of installation of the port of Goulette [2] 
(Fig. 2). 
These problems were the subject of a vast construction 
schedule of protection works in the southern beaches of 
Tunis. Since 1984, 19 emergent breakwaters at 6 locations 
hardly urbanized are constructed (Fig. 2) to protect more 
than 2200 m linear of littoral [3] (Table 1). These 
protections works constituted a direct obstacle for the 
transport of materials and influenced indirectly the littoral 
drift. They created, following the phenomena of the swell 
diffraction, a zone relatively calm and sheltered in their 
shade resulting in a material deposit which sometimes 
ends up connecting the breakwater to the coast by an 
effect of tombolo. Nevertheless, in case of a weak littoral 
drift, this material deposit is done with the detriment of 
the close zones while doing appear an erosion pits [4]. 
The goal of this work consists in applying an empirical 
shoreline model to predict the so-called of precarious 
balance behind the breakwaters of the Southern beaches of 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Location plan of the fringe coastline from Rades to Sliman (Tunisia) 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tunis, the limit of saturation of the tombolo and the 
generated erosion pit. 
The model is of type “parabolic” in reference to the 
parabolic shape of shore observed from a natural safe 
headland. 
II. HYDRODYNAMIC CARACTERISTICS OF THE STUDY 
AREA 
A. Tide 
The marnage in the Gulf of Tunis varies from 0,2 m to 
0,3 m, either 0,24 m in weever water and 0,12 m in dead 
water [2]. It is considered negligible and without notable 
effect on coastal morphology. 
B. Courantology 
In the Gulf of Tunis, the currents of tide are generally 
very weak (less than 0,2 m/s) and masked by those related 
to the swells [2]. In the same way, the general currents 
have little influence on harbor and coastal installations: 
they intervene at 5 km from the coasts [5]. However the 
shoreline currents generated by the swell are very 
important in the sedimentary dynamics of the coasts [2].  
C. Rise in the marine level  
The signs of a variation of the sea levels are varied in 
Tunisia. The increase of the marine level is estimated 
1,5mm/year [6]. This increase remains without perceptible 
effect on the Tunisian coasts. 
D. Significant wave climate 
Information on wave climate is necessary for 
understanding littoral processes. The action of waves is 
the primary agent producing erosion and transport 
impinging on the shore [7].  
Several forecasting approaches have been made to 
estimate the wave condition in deep water including the 
SMB method. This method is used to determine the 
significant height and period for each direction. It needs as 
input data, the wind velocity and the stretch of water 
“Fetch”, that it crosses to the coast [7]. 
The computation results of the characteristics of the 
significant swell are recapitulated in Table 2. 
E. Wave refraction and shoaling 
Once the wave conditions in deep water have been 
estimated, the next step is to determine the characteristics 
of refracted waves before breaking occurs. The study of 
the refraction of the swell is based on the following 
simplifying assumptions [7]: 
Figure 2. Emergent breakwater realized in the Gulf of Tunis [3] 
 
TABLE I. 
SUMMARY OF IMPLANTED BREAKWATERS IN THE GULF OF TUNIS 
 
Coastal 
area 
Number 
of 
segments 
Date 
of 
construction 
Medium 
segment 
length (m) 
Medium 
gap 
length (m) 
Water 
depth 
(m) 
Offshore  
Distance 
 (m) 
Rades 1 1985 123 - 1,55 108 
Ezzahra 2 1986-1987 135 35 2 75 
Hammam-lif 8 1985-1986 150 55 2,5 100 
Hammam-plage 1 1987 100 - 1,75 80 
Solymar 2 1989 130 65 2,5 185 
Sliman 5 1989-1990 150 40 2 116 
  
 
 
 
 
 
o Wave energy between wave rays or orthogonals 
remains constant. 
o Waves are long-crested, constant period, small-
amplitude, and monochromatic. 
o The refraction analysis is based on Snell’S law 
which considers isobaths are parallel to the line 
of coast presumed linear. 
Using (1), we calculate the height of the refracted wave 
(Hr).  
0
r
s r
Hk k H? ?                           (1) 
Where: 
kr is termed the refraction coefficient. 
ks is the shoaling coefficient. 
H0 is the deep water wave height. 
The angle (?) between the refracted wave in the 
considered depth and the normal to the shoreline is 
calculated using (2) 
sin sin 00
kC
C? ??
? ?? ?? ?                      (2) 
Where: 
Ck is the wave velocity in the considered depth. It’s given 
by Ck = 0
2tanh K
K
dC L
?? ?? ?? ? .  
Where: 
C0 is the deep water velocity equal to 0
s
L
T
? ?? ?? ? . 
 
 
 
 
 
 
 
 
 
 
 
 
?0 is the angle between the direction of the wave approach 
and the normal to the shoreline in deep water. 
dk is the considered water depth. 
Lk is the wave length in the considered depth. 
L0 is the deep water wave length.   
A typical refraction-shoaling calculation is given in the 
table 3.  
F. The dominant wave 
The weighting of each significant refracted wave by its 
percentage of occurrence gives the dominant wave whose 
characteristics are given by the following expressions [8]: 
o Equation (3) is used to calculate the direction of 
the dominant wave (angle ?dom) compared to the 
north geographic: 
              
2
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Where  
Pi,j is the occurrence of the swell (Table 1). 
n is the number of swell classes (each class corresponds 
to an intensity of wind velocity). 
m is the number of swell directions. 
o Equation (4) is used to calculate the period of the 
dominant swell (Tdom) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TABLE III. 
TYPICAL CALCULATION OF REFRACTED WAVE CHARACTERISTICS 
 
      
Direction of wave North North East 
        
      
Period, Ts = 5,27 s 
          
    
H0 = 1,64 m L0= 44,2 m C0= 8,2 m/s 
    
        
 ?0= 22,5° 
        
dk (m) dk/L0 dk/LK tanh(2*pi*dk/Lk) CK (m/s) ? Kr KS Kr*KS Hr (m) 
10,0 0,2265 0,24760 0,91 7,67 20,9056 0,9945 0,9162 0,9111 1,4942 
9,0 0,2038 0,22850 0,89 7,49 20,3827 0,9928 0,9102 0,9036 1,4820 
8,0 0,1812 0,20920 0,87 7,26 19,7299 0,9907 0,9059 0,8975 1,4718 
7,0 0,1585 0,19040 0,83 6,98 18,9514 0,9883 0,9043 0,8937 1,4657 
6,0 0,1359 0,17160 0,79 6,65 18,0087 0,9856 0,9066 0,8936 1,4655 
5,0 0,1132 0,15220 0,74 6,23 16,8396 0,9825 0,9151 0,8990 1,4744 
 
TABLE II. 
SIGNIFICANT WAVE CLIMATES 
Fetch Wind velocity =  3 (m/s) Wind velocity =  8 ( m/s) Wind velocity =  13 ( m/s) 
Direction 
( km) 
Occurrence 
% 
Period 
Ts(s) 
Height 
Hs(m) 
Occurrence 
% 
Period  
Ts(s) 
Height  
Hs(m) 
Occurrence 
% 
Period  
Ts(s) 
Height 
Hs(m) 
N 605,0 3,10 2,25 0,26 1,40 5,37 1,68 0,00 7,70 3,69 
NNE 497,0 2,70 2,24 0,26 1,10 5,27 1,64 0,00 7,50 3,52 
NE 510,0 2,50 2,24 0,26 0,70 5,28 1,64 0,00 7,53 3,54 
NNW 255,0 2,40 1,88 0,21 1,20 3,72 0,87 0,10 5,00 1,60 
 
, ,
1 1
,
1 1
m n
i j i j
j i
m ndom
i j
j i
P Ts
T
P
? ?
? ?
?
??
??
           (4) 
o Equation (5) is used to calculate the height of the 
dominant swell Hdom 
1
22
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   (5) 
The obtained period, height and angle of the dominant 
swell are 2,968 s, 0,422 m and 3,4° compared to the north 
geographic, respectively.  
G. Littoral transport 
The littoral transport of sediments in the Gulf of Tunis, 
is classified as onshore-offshore transport and as 
longshore transport. The typical rate for onshore-offshore 
range from 1,5 to 3 million cubic meters per year [2]. The 
longshore transport rates, carrying from west to east, range 
from 15000 to 20000 cubic meters per year [2]. 
III. EMPIRICAL SHORELINE  MODEL 
In nature, many sections of coastline which are situated 
in the lee of a natural or artificial headland have a curved 
shoreline geometry. Where sections of coastline are 
situated between two headlands, and particularly when 
there is a single dominant wave direction, the shoreline 
may likewise assume a curved or a « scalloped » shape 
(see Figure 3a) [9]. Because of their geometries, these 
shorelines are also sometimes termed « parabolic ». The 
shape results from longshore transport processes which  
 
 
 
 
 
: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
move sediment in the downdrift direction along the down- 
wave section of the shoreline, and from processes 
associated with wave diffraction which move sediment in 
the opposite direction in the immediate lee of the up-wave 
headland [9]. 
A new empirical approach has been developed by Hsu, 
Silvester, and Xia ([10], [11], [12]). This approach is 
based on physical models and on shoreline data from 
prototype bays assumed to be in static equilibrium. They 
presented the alternative expression (6) for parabolic 
model to approximate the shoreline in the lee of headland-
type features 
? ? ? ?O
o
1 2
2
+C * +C *R CR
? ?? ??          (6) 
Where the geometric parameters R, Ro, ? and  ? are as 
shown in Figure 3a, and values for the coefficients C0, C1, 
and C2 are shown in Figure 3b.  The distance R0 
corresponds to a control line drawn between the ends of 
the headlands that define a given section of shoreline. 
In the case of a single, upcoast, headland, the distance 
R0 is the length of a control line drawn from the end of the 
headland to the nearest point on the downcoast shoreline 
at which the shoreline is parallel with the predominant 
wave crest.  
The distance R measured from the end of the upcoast 
headland, defines the location of the shoreline and angles 
?  measured from the predominant wave crest. The angle 
? is that between the predominant wave direction and the 
control line R0. 
 The data upon which equation (6) assume ? to be 
higher than 22°. 
Furthermore, Equation (6) is intended for application 
for ? between ? and 180°, and assumes that a predominant 
wave direction exists at the site of interest.  
For ? higher than 180°, the distance R may be assumed 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Spiral bay geometry: (a) definition sketch and (b) coefficients describing parabolic shoreline shape [13]. 
to be constant and equal to the value of R computed at ?  
equal to180°. 
IV. RESULTS AND DISCUSSION 
Predicting shoreline changes following the construction 
of offshore breakwaters is predominantly governed by the 
resulting alterations in the longshore transport of material 
in the vicinity and, to a lesser extent, by the onshore-
offshore transport rate. The placement of a breakwater 
causes the shoreline to adjust to the new conditions and 
seek an equilibrium state. 
The applied empirical parabolic model has permit to 
predict the evolution of coastline behind the breakwaters. 
The predicted shoreline was superimposed with coastline 
raised by SOGREAH in 1992 [14], as well with that raised 
by Zeggaf in 1996 [3] to provide idea of the spatial-
temporal response of the shoreline. 
The whole results obtained and, presented below 
shows, on the one hand, that the shape of the coastline 
given by the empirical model is curved or was a  
“parabolic” form. It could not only reproduce the natural 
shape taken by the shoreline behind the breakwaters but 
also the shape of the tombolo. The tombolo would have a 
symmetric (Figure 4, 5 and 7) or asymmetric (Figure 6, 8 
and 9) shape function of the incident dominant wave crest, 
i.e., if the dominant wave crests is parallel to the original 
shoreline, the diffracted waves into the offshore 
breakwaters would transport sand from the edges of this 
region into the shadow zone. This process would continue 
until the shoreline configuration is essentially parallel to 
the diffracted wave. When the dominant is relatively 
oblique, the longshore transport rate in the lee of the 
structure would initially decrease, causing deposition of 
the longshore drift. A cuspate spit is formed which will 
continue to grow either the longshore transport rate past 
the structure is reestablished or a tombolo is formed. The 
cuspate spit that results from oblique dominant wave 
attack could be expected to be asymmetric with its shape 
dependent on the structure length and the offshore 
distance [9]. 
On the other hand, it has been revealed that the 
development of the tombolo is very variable according to 
the arrangement and the water depth implantation of the 
breakwater as well as their location compared to the 
coastline. More the breakwaters are located close to shore 
and relatively impermeable (high crest and small gaps), 
the more the final balance state of the coastline, delimits a 
formation of tombolo that is enough developed (Fig. 4, 5 
et 6).   
As illustrated in Figures 7, 8 and 9, the predicted 
shoreline, showed the presence of erosion pit. In fact, the 
tombolo detached breakwater functions like a teeshaped 
groin by blocking longshore transport and promoting 
sediment mouvements offshore in rip-currents through the  
 
 
 
 
 
 
 
 
gaps. Although the longshore transport can occur seaward 
of the breakwater, the interruption in the littoral system 
may starve downdrift beaches of their normal sediment 
supply, causing erosion [9]. 
Reference to the natural evolution of the fringe littoral 
from Rades to Sliman behind the beakwater from 1992 to 
1996, the table 4, give an estimate of a predicted medium 
time, counted from 1996, to reach the predicted position 
of the precarious equilibrium state (relative to the 
accretion of  tombolo or to the erosion pit resulting). 
The given values in table 4 supposed a linear evolution 
of the coastline. It appeared from these values, that, the 
shore protection measures in the Gulf of Tunis, are 
relatively well planned. They resulted in some 
modifications of the physical environment through the 
attained desired protection in a reduced time. However, 
thorough planning and design require that the full impact 
of the adverse effect must be fully considered and 
understood. If feasible, the expected shoreline adjustment 
behind the breakwaters should be artificially placed to 
reduce starvation of the downdrift beach. 
V. CONCLUSION 
The applied empirical shoreline model of the type 
« parabolic » allowed to predict the evolution of the 
coastline behind the breakwaters located in the fringe 
littoral from Rades to Sliman. The precarious balance and 
the erosion pits generated on either sides by these defense 
works were well simulated. Nevertheless, this approach 
outlined above may be useful for rough, preliminary 
calculations and estimates of « static » shoreline 
equilibriums when the assumptions necessary for 
application of the approach are fulfilled, where detailed 
dynamics of the changing shoreline area not sought, and 
where time and/or budget constraints preclude a more 
detailed approach. For detailed prediction of shoreline 
change due to longshore gradients in sand transport or 
otherwise complicated geometries, a preferred approach 
would be utilize a physical model and/or a numerical 
model, as appropriate to the scale of the study area. 
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TABLE IV. 
VALUES OF PREDICTED MEDIUM TIME TO REACH THE PREDICTED SHORELINE TAKING THE 1996 SHORELINE POSITION 
AS REFERENCE  
Coastal area Rades Ezzahra Hammam-lif Hammam-plage Solymar Sliman 
Accretion 
tombolo 8 6 2 14 5 56 
Predicted  
medium time 
(year) Erosion pit 17 - 18 - - 14 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Predicted shoreline behind the breakwaters of Solymar site [15] 
Figure 4. Predicted shoreline behind the breakwater of Hammam-plage site 
Figure 5. Predicted shoreline behind  breakwaters of  Ezzahra site 
 
Figure 4. Predicted shoreline behind the breakwater of Ham am-plage site [15] 
Figure 5. Predicted shoreline behind  breakwaters of  Ezzahra site [15] 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Predicted shoreline behind the breakwaters of Sliman site [15] 
 
Figure 4. Predicted shoreline behind the breakwater of Hammam-plage site 
Figure 5. Predicted shoreline behind  breakwaters of  Ezzahra site 
Figure 7. Predicted shoreline behind the breakwater of Hammam-lif sit [15] 
Figure 8. Predicted shoreline behind breakwaters of  Rades site [15] 
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